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This paper introduces the design of a Single-phase watthour meter auto-calibrating. The 
important advantage of the watthour scale is the multiplication is done by the newly developed 
self-calibration multiplier (SCM) with superior stability. The self-calibration multiplier IC applies 
an analogue multiplier to perform the multiplication, detects and also compensates for large 
sources of error caused by changing the multiplication parameter including the out-put offset. 


According to this result, the self-calibration multiplier has stable input and output characteristics. 
The correction of the multiplication factor is based on an IC reference voltage that uses the Zener 
diode. Consequently, the stability of the self-calibration multiplier and the meter depends on the 
reference voltage stability. While the other pieces are additional circuits to adjust the zero load 


and the unnecessary full load. 


INTRODUCTION 


The standard watthour meter described in this paper has been 
developed to achieve a high level of stability. 

While the basic operation principles and characteristics of 
the proto-SCM have already been reported (1), further 
improvements have been made, such as the adoption of double 
multiplication circuits to enable continuous measuring and a 
change of the circuit constant to enable its application to a 
standard watthour meter. Although the duplication of the 
multiplication circuit complicated the structure, it was released 
from the application of high speed components. 


METER SELF-CALIBRATING DETAILS 


The self-calibrating standard watthour meter is composed of 
a VT, CT, SCM and VF converter as shown in Fig. 1. As the 
inputs of the SCM are voltage signals, a shunt resistor is installed 
in the secondary circuit of the CT. 
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Fig. 1. Self-Calibrating Standard Watthour Meter 
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Principles. In the case of the SCM, an approximation of 
the input/ output characteristics by the following equation (1) 
is assumed. 


w=A(vX i)+0O (J) 


where, w : product indicating instantaneous power 
A : multiplication coefficient 

O : output offset 

v : input corresponding voltage 

i: input corresponding current 
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The equation (1) suggests that the existence of output offset 
worsens The linearity. And any change of the multiplication 
coefficient or output offset due to a change in the operation 
environment, such as a temperature change or secular 
change of component parts, affects the reproducibility of the 
measurement results. To reduce the influence of error sources, 
an AD converter is used to detect any change in the 
multiplication coefficient or output offset and the necessary 
compensation/correction is made using DA converters. 


In the actual circuit, the rating of the input signals 
corresponding to the voltage and current to be measured is set 
at5 V and the circuit constant is set to achieve a multiplier 
output. Consequently, the multiplication coefficient A is 
corrected to 0.2. 


Configuration. The block diagram of the SCM is shown in 
Fig. 2. The SCM is composed of two multiplication circuits, 
a detection and control circuit and a reference voltage circuit. 
All components used are available on the market and there 
are few restrictions in regard to the characteristics of the 
components except for the reference voltage IC. 


The multiplication circuits A and B have exactly the same 
structure and each consists of an analogue multiplying IC 
capable of performing four-quadrant multiplication and two 
12 bit DA converters to compensate/correct the 
multiplication coefficient and output offset. The DA 
converter to correct the multiplication coefficient must be the 
multiplying type (M-DA). As the characteristics of the DA 
converters are also the subjects of correction, they do not affect 
the characteristics of the SCM. 


The multiplication circuits exclusively operate either in 
the measurement or calibration mode. Fig.2 shows that 
multiplication circuit A is in calibration mode. 


The detection and control circuit consists of a control 
section using an 8 bit CPU and a deviation detection section 
using a 12 bit AD converter and an amplifier. Because of the 
duplication of the multiplication circuits, it is not essential 
for either the processing speed of the CPU or the conversion 
speed of the AD converter to be very fast. 
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Fig. 1. Block Diagram of the SCM 
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Fig. 1. Time chart of the SCM 


In the case of the AD converter, the gain and offset errors 
of the AD converter and their drift do not affect the SCM's 
characteristics by reason of the use of the AD converter as a 
null-detector. In addition, the AD converter deals with the signal 
that is amplified by 50, the equivalent resolution is improved by 
6 bits. As a result, the correctable range is 


( +100/50% = +2%.) 

The reference voltage circuit produces reference voltages 
[+ Vr(= +5V)]. In principle, the temperature characteristics 
and the stability of the reference voltage circuit determine the 
characteristics of the SCM as well as the watthour meter. 
Accordingly, the use of a reference voltage IC which corresponds 
to the target characteristics of the watthour meter is essential. 


The reference voltage IC used in the SCM is REF102 
(Burr-Brown) and it has the manufacturer's specifications of a 
maximum temperature drift of 2.5 ppm/°C and _ stable 
performance of (5 ppm per 1,000 hours). In fact, the 
experimental results of the IC itself under zero load show a 
temperature coefficient of 2 ppm/°C and stable performance of 
better than 5 ppm in 240 days. 


Self-Calibration Procedure: Fig.3 shows the time chart of the 
self-calibration. The new setting data are obtained by the 
equations in Fig. 3 and (Do. Xi) and (Dn. X7) are the data for 
offset compensation and multiplication coefficient correction 
respectively. 


The self-calibration mode is distinguished into three phases: 
the detector zero- adjustment, output offset compensation and 
multiplication coefficient correction phase. 


First, in the detector zero- adjustment phase, the inputs of 
the deviation detection circuit (SW3 and SW4 in Fig.2) are 
switched to the GND and then AD conversion is conducted. 
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The conversion outcome (Db) is used as the zero point. 
Secondly, in the output offset compensation phase, the SW] and 
SW4 are switched to the GND and (SW3) is switched to the 
output of the multiplication circuit. The result of AD conversion 
is Dg. Then the new data is calculated and set to the DA 
converter (DA) for offset compensation. Lastly, the 
multiplication coefficient correction is carried out and two 
conversions outcomes (Dp) and (Dm) are obtained. The process is 
as follows. 


1) The input of the multiplication circuit under the 
calibration mode (SW1) is switched to the reference 
voltage (+Vr). 

2) SW3 is switched to the output of the multiplication 
circuit, and SW4 is switched to the reference voltage 
(+Vr). 

3) AD conversion is conducted (Dp). 

4) The input of the multiplication circuit (SW1) is switched 
to the negative reference voltage (-Vr). 

5) AD conversion is conducted (Dm). 

6) New setting data is calculated and set for the 
multiplication correction DA converter (M-DA). 


VF CONVERTER 


The VF converter used is the charge balance type. In order to 

improve its temperature characteristic and stability to levels 
similar to that of the SCM, the reference voltage IC used for the 
SCM is used to generate the reference current. 
The test results for the VF converter itself show a tempera- 
ture coefficient of better than (3 ppm/°C) in the temperature 
range between (0°C and 50°C) and an annual fluctuation range 
of less than (+ 10 ppm). The linearity is better than (10 ppm) in 
a range of (10 to 120%) of the nominal input. 
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The test results for the VF converter itself show a temperature 
coefficient of better than (3 ppm/°C) in the temperature range 
between (0°C and 50°C) and an annual fluctuation range of less 
than (+ 10 ppm). The linearity is better than (10 ppm) ina range 
of (10 to 120%) of the nominal input. 


ZERO- AND FULL LOAD- ADJUSTMENT 


The watthour meter does not have full load-adjustment and 
zero-adjustment circuits. The exclusion of a zero- adjustment 
circuit is justified by the fact that the output offset of the SCM 
is theoretically zero and also by the good linearity of the VF 
converter. In the case of a full load-adjustment circuit, it may 
be necessary for a measuring instrument. 


For that purpose, a full load-adjustment method is used 
where data corresponding to the required adjustment quantity 
is added to the multiplication coefficient correction DA conv- 
erter. While this method allows the required adjustment without 
having acircuit for adjustment purposes, the setting data is not 
corrected by the self-calibration procedure. Consequently, any 
change of gain error of the DA convertor, in principle, affects 
the characteristics of the watthour meter. However, the degree of 
gain error change can be negligible in terms of the circuit constant 
for the watthour meter as shown in equation (2) below. 

Ag=€x ae men (2) 
2°-1 50 
Where: 
A& : error due to change of gain error of DA converter, 
€ : quantity of change of gain error of DA converter, 
d_: data for full load-adjustment (-2,047 5 d 52,047, 


TEST RESULTS 


Combination of SCM and VF converter 


The operation test was conducted by combining the SCM 
and VF converter with an input of the in-phase voltage signal at 
60 Hz. The test also involved the setting of full load-adjustment 
data to the DA converter for multiplication coefficient 
correction. 


Fig.4 shows the temperature characteristics, and the 
temperature coefficient is better than 5 ppm/°C. In theory, as 
both the SCM and VF converter rely on the same reference 
voltage IC, the quantity of change 8 of the IC output produces 
the same quantity of change for the SCM and VF converter, 
resulting in a total change of (2 8). 


The actual measurement result of the temperature coe- 
fficient for both the SCM and VF converter is approximately 2 
ppm/C, verifying the theoretical relationship between the 
reference voltage IC output and temperature coefficient of the 
SCM or VF converter. 
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Fig. 4. Temperature characteristics of the SCM 
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Fig. 5 shows the output changes over a period of approx.- 
imately eight months. The actual change of some 10 ppm was 
quite acceptable even compared to the level of change of the 
reference voltage IC. Moreover, during the test period, the 
ambient temperature was kept at 60T for three periods of one 
month each, totalling three months. Consequently, the result can 
be interpreted as representing the likely change for a longer 
period than the actual test period. 
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Fig. 6. Frequency performance of the SCM 


STANDARD WATTHOUR METER 


Fig.7 and Fig.8 show the voltage and current charac- 
teristics of the standard WHM_ developed 
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Fig. 7. Voltage characteristics of the Standard Watthour Meter 
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Fig. 8. Current characteristics of the Standard Watthour Meter 


Fig. 9. The temperature coefficient is better than (10 
ppm/°C) in the temperature range between (0°C and 50°C). 
And Fig. 10 shows the frequency characteristics. 
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9. Temperature characteristics of the Standard Watthour Meter 

0.05 

—-Pf 1.0 
-»-Pf 0.5 lag 

= + Pf 0.5 lead 
x a 
5 0.00 
BR 
is 

-0.05 


40 45 50 55 60 65 70 
Frequency (Hz) 


10. Frequency characteristics of the Standard Watthour Meter 


The actual change of errors at the rated current and voltage 


(Pf 1, Pf 0.5 lagging and leading) is smaller than 0.01% over a 
3-month period. 
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And the change of errors measured before and after the one 
month period, during which the ambient temperature of one 
standard watthour meter was kept at 60-c with the meter being 
constantly fed with power, is again less than 0.01%. 


CONCLUSION 


Confirmation of the long-term stability of a standard watthour 
meter using the SCM, which is one of the main development 
themes for the standard watthour meter in question, must still 
await the results of a characteristic test to be conducted in the 
future. As the combination of the SCM and VF convelter 
shows excellent stability, it is inferred that the newly 
developed standard watthour meter will show equally 
excellent stability. 
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